Poststimulation catecholamine synthesis and tyrosine hydroxylase activation in central noradrenergic neurons. II. Depolarized hippocampal slices.
The ability of neuronal depolarization to increase catecholamine biosynthesis in the poststimulation period was investigated in a preparation of central noradrenergic tissue, maintained in vitro. Rat hippocampal slices were superfused with oxygenated Krebs-Ringer phosphate saline (KRP) or depolarized with KRP containing 55 mM KCl. Slices were then transferred to fresh, nondepolarizing KRP containing [3H]tyrosine for further incubation. Ten minutes of K+ depolarization resulted in a 78% increase in [3H]catecholamine synthesis, measured in the poststimulation period, relative to nondepolarized, control slices. This activation of catecholamine synthesis was maintained for up to 10 min following termination of K+ depolarization. Depolarization in the presence of tetrodotoxin did not block the poststimulation increase in catecholamine synthesis. The increased catecholamine synthesis in the poststimulation period can be accounted for by increased tyrosine hydroxylation since: 1) the synthesis of [14C]catecholamines from [14C]dopa was not increased by K+ depolarization and 2) K+ depolarization led to a 71% increase in the accumulation of [3H]dopa newly synthesized from [3H]tyrosine in the presence of the decarboxylase inhibitor, brocresine. Under these conditions, no significant depletion of tissue norepinephrine could be detected. The depolarization-induced increase in catecholamine synthesis was independent of the presence of Ca++ in the superfusion and/or incubation media, suggesting its dissociation from Ca++-dependent transmitter release. The absence of enhanced [3H]catecholamine synthesis following depolarization of slices in a Ca++-free K+-KRP containing 1.0 mM ethylene glycol bis(beta-aminoethyl ether)-N,N'-tetraacetic acid (EGTA) suggested that there is an absolute requirement for tissue Ca++ during the stimulation-induced synthesis activation process. There appears to be a depolarization-related phenomenon whose triggering is Ca++-independent, but which, in the presence of Ca++, is manifested as an increase in catecholamine biosynthesis (tyrosine hydroxylase activity).